The aim of this study was to evaluate the impact of shifts in maternal age and parity on the increasing trends in the low birth weight (LBW) and very low birth weight (VLBW) rates from 2005 to 2015 in South Korea. Applying a modified standardization method, we partitioned the total increment in the LBW and VLBW rates into (1) the increase in the LBW and VLBW rates due to changes in the maternal age and parity distribution (AP-dis) and (2) the increase due to changes in the age-specific and parity-specific rates (AP-spe) of LBW and VLBW for singleton and multiple births, respectively.
INTRODUCTION
South Korea (hereafter Korea) has the lowest total fertility rate (TFR) among Organization for Economic Cooperation and Development (OECD) countries, of which the average TFR in 2014 was 1.68 [1] . The TFR of Korea decreased from 4.53 in 1970 to 1.57 in 1990 , and further decreased from 1.47 in 2000 to 1.24 in 2015 [1] . The reasons for this decline in the TFR include postponed marriage and childbearing and a decrease in desired family size [1] . The proportion of babies born with a low birth weight (LBW), defined as a birth weight less than 2500 g, increased from 4.3% in 2005 to 5.7% in 2015 in Korea [1] . The proportion of babies born with a very low birth weight (VLBW), defined as a birth weight less than 1500 g, also increased from 0.4% in 2005 to 0.7% in 2015 [1] . During the same period, there was a decline in the mean birth weight from 3.25 kg to 3.20 kg [1] .
Maternal age at delivery and parity are known to be related to the infant's birth weight. It has been reported that women <20 years and ≥35 years of age tend to have a higher LBW rate than do those 20-34 years of age [2] [3] [4] [5] [6] [7] . In addition, the LBW rate tends to be higher for first births than for second and third births, and then increases as the birth order increases beyond 4 [2, 3, 8, 9] . Other risk factors for LBW and VLBW include maternal socio-demographic factors (e.g., race, marital status, and education level), lifestyle factors (e.g., smoking), underlying medical conditions (e.g., hypertension, kidney disease, and periodontal disease), and environmental factors (e.g., air pollution) [2, 3, [10] [11] [12] [13] .
The increase in the LBW and VLBW rates is a public health concern, as LBW and VLBW are related to an increased risk of infant mortality, impaired neurocognitive development in childhood, and various chronic diseases (e.g., hypertension, diabetes, and cardiovascular diseases) in adulthood [14] [15] [16] [17] . In order to reduce the social and economic burden of LBW and VLBW, it is important to identify modifiable factors contributing to the increase in the LBW and VLBW rates. In our previous study using data from the national birth registry [18] , we demonstrated that shifts in maternal age and parity were important contributors to the increasing trends in the LBW rate among singleton births from 1995 to 2005 in Korea. As a follow-up study [19] , we aimed to (1) evaluate the impact of shifts in maternal age and parity on the increasing trends in the LBW and Live births with a birth weight <500 g (n=619) or missing data for birth weight (n =15 128), birth plurality (n =11 079), maternal age (n =2829), or parity (n=714) were excluded from the analysis. 
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VLBW rates from 2005 to 2015 in Korea; and (2) compare the results of the current study with those of the previous study.
METHODS

Research Data
All live births registered with Statistics Korea during the period between 2005 and 2015 were obtained from the Microdata Integrated Service (MDIS) [1] . Of 5 023 410 registered births, our analysis was restricted to 4 993 041 births, after excluding 30 369 births with a birth weight <500 g (n=619) or missing data for birth weight (n=15 128), birth plurality (n=11 079), maternal age (n=2829), or parity (n=714). In consideration of the potential inaccuracy of the gestational age data recorded on birth certificates, our analysis was primarily focused on the birth weight data, with the gestational age data being used for further subgroup analysis.
Data Analysis
The rates of singleton births, multiple births, LBW births, and VLBW births were estimated for each year from 2005 to 2015. The significance of trends in these rates during the study period was tested by the linear-by-linear association test. Differences in the age-specific and parity-specific rates (AP-spe) of LBW and VLBW between 2005 and 2015 were tested by the chi-square test or the Fisher exact test. To assess statistical significance, a 2-sided significance level of 0.05 was used. Statistical analysis was performed using SPSS version 19 (IBM Corp., Armonk, NY, USA).
A modified standardization method, as previously described in detail [18] , was used to partition the increase in the LBW and VLBW rates between 2005 and 2015 into the following 2 components: (1) the increase due to changes in the maternal age and parity distribution (AP-dis); and (2) the increase due to changes in the AP-spe. Briefly, when the standard population in 2005 is cross-tabulated by age, i=1, 2, …, i (≤19, 20-24, 25-29, 30-34, 35-39, and ≥40) and parity, j=1, 2, …, j (1, 2, and ≥3), the LBW (or VLBW) rate in the ij-th cell, (where the asterisk denotes the standard population), is where is the number of LBW (or VLBW) births in the ij-th cell, and is the number of births in the ij-th cell. The overall LBW (or VLBW) rate, is Table 1) . Table 2 shows the AP-spe of LBW and VLBW in 2005 and 2015 by birth plurality. Among singleton births, women <20 years and ≥35 years of age had higher LBW rates than did those 20-34 years of age in both years, irrespective of birth order. Meanwhile, no such feature was observed among multiple births. When the AP-spe of LBW in 2015 were compared with those in 2005 among singleton births, the rates in 2015 were significantly higher than those in 2005 in 6 out of 18 ageparity groups (p<0.05). Among multiple births, 8 out of 18 age-parity groups showed a statistically significant increase in the rates between 2005 and 2015 (p<0.05). A statistically significant increase in the AP-spe of VLBW between 2005 and 2015 was noted in 3 out of 18 age-parity groups among singleton births and 5 out of 18 age-parity groups among multiple births (p<0.05) ( Table 2) . Table 3 describes the calculation process for partitioning the total increment in the LBW rate into its 2 components: (1) the increase due to changes in the AP-dis, and (2) the increase due to changes in the AP-spe by birth plurality. The absolute percentage of the total increment in the LBW rate between 2005 and 2015 was 1.43%p (LBW rate: 4.28% in 2005 vs. 5.71% in 2015), of which 0.43%p occurred among singleton births and LBW, low birth weight; AP-dis, age and parity distribution; AP-spe, age-specific and parity-specific rates.
where L is the total number of LBW (or VLBW) births, and B is the total number of births. The ratio of to , , is
The age-parity score, K is where is the proportion of births in 2015 in the ij-th cell. K is directly interpreted as the percentage difference in the LBW (or VLBW) rate with reference to the standard population in 2005. The 2 components of the total increment of the LBW (or VLBW) rate were calculated as follows: (1) the increase due to changes in the AP-dis=expected LBW (or VLBW) rate in 2015 -observed LBW (or VLBW) rate in 2005; and (2) the increase due to changes in the AP-spe =observed LBW (or VLBW) rate in 2015 -expected LBW (or VLBW) rate in 2015. We calculated these 2 components for singleton and multiple births, respectively. As all of the information used was deidentified, this study was classified as exempt research by the Institutional Review Board of Daegu Catholic University Medical Center. 
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1.00%p occurred among multiple births. Among singleton births, changes in the AP-dis accounted for 79% (0.34%p) of the total increase in the LBW rate. Among multiple births, in contrast, changes in the AP-dis did not contribute to the increase in the LBW rate, with 100% (1.00%p) of the increase in the LBW rate being attributed to changes in the AP-spe ( Table  3 ). As presented in Table 4 , the absolute percentage of the total increment in the VLBW rate between 2005 and 2015 was 0.25% points (VLBW rate: 0.41% in 2005 vs. 0.66% in 2015), of which 0.12%p occurred among singleton births and 0.13%p occurred among multiple births. Among singleton births, changes in the AP-dis accounted for 50% (0.06%p) of the total increase in the VLBW rate. However, among multiple births, 100% (0.13%p) of the increase in the VLBW rate was attributed to changes in the AP-spe (Table 4) .
DISCUSSION
In this study using data from the national birth registry, we evaluated the impact of shifts in maternal age and parity on the increasing trends in the LBW and VLBW rates from 2005 to 2015 in Korea. The current study demonstrated that changes in the AP-dis accounted for 79% (0.34%p) of the total increase in the LBW rate and 50% (0.06%p) of the total increase in the VLBW rate among singleton births. Among multiple births, however, 100% of the total increase in the LBW (1.00%p) and VLBW (0.13%p) rates was attributed to changes in the AP-spe. In our previous study [18] In a study conducted in the USA [20] , the impact of shifts in maternal age and parity on the LBW and VLBW rates from 1980 and 2000 was investigated by race/ethnicity. That study showed that during the period between 1980 and 1990, changes in the AP-dis accounted for 32.5% and 15.9% of the total increase in the VLBW rate among whites and blacks, respectively. In addition, during the period between 1990 and 2000, changes in the AP-dis accounted for 6.3%, 9.9%, and 16.8% of the total increase in the VLBW among non-Hispanic whites, Hispanics, and blacks, respectively. In regard to the LBW rate, increasing trends in the rate were noted only for blacks from 1980 to 1990, indicating that 38.2% of the total increase could be attributed to changes in the AP-dis. When comparing those findings with the findings from the current study, the contribution of shifts in maternal age and parity to the increase in the LBW and VLBW rates was much smaller among the USA population than among the Korean population. This may be partly explained by racial differences in the etiology of LBW and VLBW or the degree of shifts in maternal age and parity [18] .
Indeed, the current study demonstrated that the proportion of live births to mothers aged 35-39 years increased dramatically from 9.37% in 2005 to 21.01% in 2015 ( Table 1 ). The proportion of live births to mothers aged ≥40 years likewise increased from 1.29% in 2005 to 2.85% in 2015 (Table 1) . Such changes in the maternal age distribution may be related to a variety of social factors, such as delayed marriage and child- VLBW, very low birth weight; AP-dis, age and parity distribution; AP-spe, age-specific and parity-specific rates.
bearing, increased female economic participation, and changes in obstetric practices including the increased use of assisted reproductive technology (ART) [1, 21, 22] . In addition, the current study revealed that the multiple birth rate increased from 2.19% to 3.68% during the same period (Table 1) . It is worth noting that 1.00%p (69.9%) of the 1.43%p total increase in the LBW rate and 0.13%p (52.0%) of the 0.25%p total increase in the VLBW rate occurred among multiple births (Tables 3 and  4 ). The use of ART, especially the number of embryos transferred, is known to be associated with an increased multiple birth rate [21, 22] . In consideration of the lack of apparent changes in the maternal parity distribution during the period between 2005 and 2015 (Table 1) , we further evaluated the sole effect of shifts in maternal age on the increasing trends in the LBW and VLBW rates during the study period. The results indicated that changes in the maternal age distribution accounted for 60% (0.26%p; <79% when evaluating the combined effect of shifts in maternal age and parity) of the total increase in the LBW rate and 50% (0.06%p) of the total increase in the VLBW rate among singleton births, reflecting that the sole effect of shifts in maternal parity on the VLBW rate was almost negligible (data not shown).
We utilized the birth weight data from the national birth registry, as those data are considered to be more accurate than the gestational age data recorded on birth certificates. Nevertheless, it is noteworthy that LBW and VLBW represent a mixture of both preterm birth and intrauterine growth restriction from an etiological perspective [23] . Namely, preterm birth, which comprises deliveries at less than 37 completed weeks of gestation, is causally related to LBW and VLBW. A more stringent criterion of less than 34 completed weeks of gestation is frequently utilized in clinical settings, as deliveries of this duration of gestation have been reported to be associated with perinatal complications, including respiratory distress syndrome [24, 25] . When our analysis was restricted to deliveries at 34 or more completed weeks of gestation, changes in the AP-dis accounted for 88% (0.23%p; >79% when analyzed without regard to gestational age) of the total increase in the LBW rate among singleton births (n=855 195; 1177 deliveries of unknown gestational age were excluded from the analysis). This suggests that shifts in maternal age and parity may have had a greater impact on the increase in the LBW rate among growth-restricted term infants than among preterm infants.
The major limitations of the current study should be taken into account, when interpreting the study results. One potential limitation is the possibility of inaccuracies in the birth weight data recorded on birth certificates, which could have led to misclassification of LBW and VLBW. Furthermore, we were unable to investigate the reasons for changes in the APspe in our dataset, as the birth registry data provided limited information about the potential etiologic factors for LBW and VLBW of parents and infants. Plausible factors associated with the increase in the LBW and VLBW rates may include lifestyle factors such as cigarette smoking [26] and environmental factors such as air pollution [27, 28] . Likewise, an in-depth analysis considering other related factors, such as obstetric practices (e.g., ART) and maternal complications (e.g., gestational hypertension, gestational diabetes) was not possible due to the limited information in our dataset. Further comprehensive research is needed to identify various modifiable and environmental factors contributing to the increase in the LBW and VLBW rates.
In conclusion, this study demonstrated that shifts in maternal age and parity were prominent contributors to the increase in the LBW and VLBW rates among singleton births between 2005 and 2015 in Korea. The increased multiple birth rate may partly explain the increase in the LBW and VLBW rates during the same period, although the increase in the LBW and VLBW rates among multiple births were not found to be explained by shifts in maternal age and parity. In light of current social trends regarding delayed marriage and childbearing, efforts should be made to provide women of childbearing age with reproductive health services and social interventions aiming to facilitate pregnancy at a physiologically optimal age and to reduce adverse birth outcomes, including LBW and VLBW.
